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GERMINATION AND EARLY DEVELOPMENT 
OF SALT CEDAR (Tamarix gallica L.) 
Daniel L. Merkel 
Salt Cedar (T.unarix gallica L.) is a phreatophyte which creates a ma-
mor water conservation problem in the Southwest. This study, which is a 
portion of a study conducted by Fort Hays Kansas State College for the 
Bureau of Reclamation, was designed to determine various aspects of the 
life history of this species. The research consisted of studies in the 
campus greenhouse and at Cedar Bluff Reservoir about 30 miles southwest of 
Hays. 
Seed was collected weekly or bi-weekly from a windbreak just west of 
the college and at the reservoir from the middle of June until the last of 
September. A final collection was made at the r eservoir on November 10. 
The seed was stored at temperatures or -17° c., 10° e. and 25° to 30° C. 
Germination tests were conducted in petri dishes between damp blotter pads. 
In order to have plants available for study during the winter months, 
plants were transplanted to the greenhouse on August 14 and during late 
January. In addition, seeds were planted in 30-inch phytometers and flower 
pots of various sizes on February 23 and March 17. Growth measurements 
were made in the field and development of roots and shoots were studied un-
der both field and greenhouse conditions. 
The cylindrical seeds averaged about 0.45 mm. long and 0.17 mm. in 
diameter. Each consisted of an embryo covered by a nearly transparent seed 
coat with numerous unicellular hairs about 2.12 mm. long attached to the 
apex. 
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Swelling of the seed often became evident within the first 12 hours of 
germination. After 24 hours the cotyledons were usually freed of the seed 
coat and had begun to separate. During the second day, emergance of the 
primary root was usually evident. Hair-like structures appeared in the hy-
pocotyl region and the first leaf primordia developed during the first week. 
The gennination rate of all seeds was 32.5 per cent and 19.6 per cent 
from the reservoir and windbreak, respectively. Germination averaged 57.1 
per cent complete by the end of 24 hours and 98.0 per cent complete after 
5 days. Highest viability was from seed produced in August (51.4 per cent) 
followed by July (40.J), November (26.6), and June (19.0). As the age of 
seeds increa~ed, viability tended to decrease. The greatest loss in via-
bility was during the third and fourth month following collection. Fluctua-
tions in germination rate of seed from the reservoir and windbreak were 
quite s:imilar. Seed stored at 10° C maintained higher viability than that 
stored at -17° C or 25° to 30° C. 
Root development appeared to be greatly dependent upon soil moisture 
conditions. The primary root averaged about 16 mm. long after 3 weeks. 
During the third week secondary root development often started. After 6 
weeks the primary roots often reached a length of 35 mm. and by the end of 
10 weeks some of the roots had reached the bottom of JO-inch pbytometers. 
Roots were not found extending into the water table except where it had re-
cently risen. However, adventitious roots developed on portions of plant 
stems covered by water or moist soil. 
Early shoot development was limited mainly to the production of new 
scale-like leaves in an alternate arrangement. The cotyledons appeared to 
.f'unction in most cases betwenn 5 and 7 weeks. At this age the plants were 
about 6 in. tall. Also the first buds, which later formed basal shoots, 
were formed in the axils of the older leaves. Young shoots often grew 
prostrate along the soil surface until they were 7 to 10 cm. long. During 
this time they often reproduced by layering. 
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Flowers are produced in racemose clusters that form panicles at or near 
the end of vegetative branches. There are usually about 20 flowers per inch 
of raceme length. A flower averages about 22 ovules, each of which is 
capable of developing into a seed. Several hundred thousand seeds may be 
produced on a large mature plant during a season. Seed is often produced 
during the first year. 
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INTRODUCTION 
In recent years local, state, and national. agencies have 
united in an effort to solve a major water conservation problem 
caused by a group of plants lmown as phreatopeytes. These are plants 
which grow in areas where the water table is relatively high, usually 
less than 10 feet below the soil surface (Fletcher and Elmendorf, 
1955). Their roots extend to the water or to the capillary fringe 
just above the water table (Meinzer 1927). Fletcher and Elmendorf 
(1955) found that where the water table was relatively deep the roots 
m.q go down as far as 20 feet. In 1952 about 15 million acres in 17 
western states were covered by the species forming this groupo It has 
been estimated that these plants ma_,y waste as much as 20 to 25 million 
acre feet of water annually (Robinson 1952). Because underground 
moisture is a controlling factor in the distribution of these plants, 
they- are usually found grawing along irrigation canals, streams or 
reservoirs (Marks 1950). 
Salt cedar ( Tamarix gallica L.), appears to be the major 
phreatophyte. This member of the Tamaricaceae family is a native of 
the Mediterranean region and has been used extensively in this 
countcy as an ornamental shrub (Little 1953; Wilson 1944). The gr~-
green foliage and pink ta white flowers add to the beauty of many 
yards and windbreaks at elevations of less than .5000 feet in all but 
unusually cold locations (Gill 1949). Sinee its introduction, salt 
cedar has becone naturalized and widely distributed in s011thern and 
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western United States, where it is a major part of the water conserva-
tion problem. 
Hopkins and Carruth (19.54) warned against confusing Tamarix 
gallica L. with athel tamarisk (_!'.. apeylla L.), which has also been 
planted extensive]¥ in the Southwest far windbreaks and shade. !• 
aphylla L. however, almost never occurs spontaneously (Kearney, Peebles 
et. al. 1951). Little (1950) points out that the .Arizona salt cedars 
designated as .!• gallica L., are often referred to as. !• pentandra Pall., 
which is a very closely related species. !• gallica L. differs from 
!• pentandra Pall. in that the former has deciduous petals and the 
filaments inserted in the sinuses of a 5-lobed disk, while the latter 
has persistent petals and a 10-lobed disk ( Gl eason 1952). 
The Division of Biological Sciences at Fort liqs Kansas State 
College received a grant from the Bureau of Reclamation in 1956 to 
survey and study salt cedar infestations in central Kansas. This paper 
includes the results of a portion of that study, which was carried out 
primari.]¥ at Cedar Bluff Reservoir located about 30 miles southwest of 
Hqs (Fig. 1). The dam was completed in the spring of 1951, and the 
reservoir was soon fill.ed by heavy rainfall on the watershed. However, 
from 1951 to 1957 rainfall was below normal resulting in a drop of the 
water to a point about 10 feet below the irrigation pool level. At 
this elevation, conditions were generally favorable for the es~ablish-
ment of certain phreatopbytes. As a result, erly infestations of 
cottonwood (Populus sargentii Dode), willow (Salix anr,rgdaloides Anders) 
and salt cedar became established. Since salt cedars more than 4 years 
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Figure 1. Moderately dense stand of salt cedar on the shore of 
Cedar Bluff Reservoir. Plants in the foreground are from 6 to 18 
inches tall and less than 1 year old while the larger ones in the 
background range up to 4 years. Light salt deposits are present 
on the surface of the soil. 
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old were not fou.nd in 1956, it is apparent that .moet ef those 
started Defore 1953 fai..led to survive. 1"..arzy- of the cottonwoods and 
willows, on the other hand, were 6 years old. By 1956 infestations 
of these phreatopeytes had become so extensive that they occupied 
about SJ per cent of the shore line area (Fort Hqs Kansas State 
College, Division of Biological Sciences 1956). It is quite possible 
that these plants could become a major problem in this area as else-
where in the Southwest. 
A completely successful method has not yet been found to 
eradicate or control salt cedar. The failure in these efforts is 
perhaps partly due to a lack of information about its life history 
and ecological requirements. This study was designed to determine 
various aspects ef the early development 0f salt cedar. The data 
collected are somewhat limited in scope i n view of the fact that 
most of the studies were conducted under greenhouse conditions. HOii-
ever, this information will form a basis for further more exhaustive 
studies. 
RELATED STUDIES 
Since the importance of salt cedar was recognized a few years 
ago, various agencies have started research programs most of which 
have to do with control measures. Although Smith (1941) has classed 
athel tamarisk as a fine cabinet wood and has shown its adaptability 
for use as creosoted fence posts, salt cedar appears of little value 
I 
and thus, remains a problem requiring control (Gatewood, Robinson ~. al. 
1950) . 
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The mineral deposits that form on the leaves of salt cedar 
have created some interest. Incrusted salts from some Egyptian 
desert plants, Reaumuria hirtella, Cressa cretica, and Tamarix 
arborea were dissolved and analyzed by Chapman (19.34). In every 
case the main constituents were Na, Ca, Cl, and so4• There were 
also small amounts of other mineral elements and undetermined organic 
acids. He found no carbohydrates and only small amounts of carbon-
ates and nitrates. Pujiula (1950) has observed the anatoD\Y of the 
leaves of Schinus nolle, especially their secretory ducts, and the 
disposition of green tissue in salt cedar leaves. 
An outstanding description of the embryologic devel opment of 
salt cedar was made by Paroli in 1940. w. BalJ¥ has abstracted this 
publication in Biological Abstracts (Vol. 22, no. 2) as follows: 
In Tamarix gallica pollen grains are formed by" a 
simultaneous division of the micros. ore-mother-cells. 
The haploid number of chromosomes i s 12. Sometimes 
retarded chromosomes in the heterotypic anaphase give 
rise to small supernumerous ID1clei. '.lhe 4 nuclei 
originated from the reduction division of the microspore-
mother-cell and participate in the formation of the embryo-
sac, not being separated by cell walls. Two types of 
embryo-s~ formation were observed: (a) the Euphorbia du.leis 
type. When the formation of the vacuole in the 4 ID1cleated 
embryo-sac is retarded, one nucleus is encountered at the 
micropyle and 3 others are found at the chalazal end. A 
fusion of the chalazal nuclei gives rise to one large triploid 
nucleus which divides once, si?lllltaneous.ly with the upper 
nucleus. In this w~ embryo-sacs with 2 small micropylar 
and 2 large chalazal nuclei arise. Both pairs divide once 
more, giving origin to an embryo-sac With 4 small haploid 
micropylar and 4 large triploid chalazal nuclei. (b) The 
.Adoxa type. When a central vacuole is immediately formed, 
2 nuclei shift to the micropylar and 2 to the chalazal pole. 
Both pairs divide giving rise to a normal 8 nucleated 
embryo-sac with all nuclei exhibiting the haploid number of 
chromosomes, and being of the same size. The egg degenerates 
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often, the percentage of well developed embryos is small 
and, consequently, also that of viable seeds. During the 
transformation of the ovule into a seed, unicellular hairs 
are formed at the chalazal end. 
Joshi and Kajale (1936) described the structure and development of the 
embryo-sac, ovule, and fruit of Tamarix dioica Roxb. In this species 
. the megaspore develops directly into the embryo-sac, but at the 4-
nucleate stage vacuolization separates 1 micropylar from 3 chalazal 
nuclei. The latter fuse 811d the next division gives 4 nuclei, 2 small 
haploid and 2 large triploid. Later embryologic development follows 
the usual course. 
Ware and Penfound (1949) have discussed the germination rate 
of salt cedar and contrasted some of the habits of this plant to those 
of other species growing on the lower levels of the South Canadian 
River in central Oklahoma. Hefley (1937} included salt cedar as an 
important species on a floodplain of the same river. He believes that 
the first salt cedar plants were brought in by Spanish settlers between 
300 and 400 years ago. 
METHODS 
Al.though the salt cedars were widely distributed around Cedar 
Bluff Reservoir, an area of about JO acres 1 mile west of the dam on 
the north side of the lake was used for most of the field work. During 
the construction of the dam, soil had been removed from this area, 
lowering the surface about 5 feet. 'Ih.is made it possible for the develop-
ment of a high water table and during 1956 it was within 3 feet or less 
of the surf ace in almost all portions of this area, thus, creating a 
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condition quite favorable to a vigorous salt cedar growth (Wilson 
1944). The texture of the surface soil in tlµ.s area varied from 
cla;y to coarse sand, but according to Marks (1950) salt cedar is 
virtually independent of soil texture. 
Seed Collection and Testing 
Seed used for the major portion of the study was collected from 
Cedar Bluff ieservoir. Others were from an old windbreak just west of 
the Fort HEWS Kansas State College campus. At the reservoir seed wa, 
taken only from plants 3 and 4 years of age while the plants in the 
windbreak were about 20 years old. The first collection at the 
ieeservoir was made on June 15 from plants growing under 4 conditions: 
(1) a partia.ily submerged plant that appeared nearly dead, (2) a 
healtey partially submerged plant, (3) plants growing on an island 
ab011t 50 yards from the edge of the lake, (4) plants growing under 
ordinary shore-line conditions. These were used to compare viability 
under different conditions of production. Later collections were 
made on]y near the shore-line of the reservoir at varying intervals 
until November 10. In order to prevent loss of the seed during 
collection, the entire panicle was placed in a paper sack and then 
removed from the plant. 
Some of the seed wa::; used to determine the effect of storage 
temperatures upon viability by a test similar to that comucted by 
Faust (1936) on Populus grandidentata and ~. treDllloides. This was 
collected from a single plant on September 1.5. It was then divided 
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into groups of about 300 each and placed in envelopes, which were 
sealed and stored in separate cardboard containers under the 
following conditions: deep freeze (-11° c.), refrigerator (10° c.), 
storage room (25° to 30° c.). The seed was left in these containers 
until it was used. All other seed was kept in the storage room. 
With the exception of the storage conditions study, where 100 
seeds were used, all viability tests were made by placing 25 seeds 
between 2 water soaked blotter pads in petri dishes. These were 
placed in either a germinator or dark room at temperatures varying 
0 60 from 25 to 3 c. The germinated seeds were counted and removed 
daily (Twichell 1955). All trials were continued until germination 
ceased. There were 381 germination tests made between June 16, 1956, 
and July 16, 1957. 
Germination of certain wooey- species depends a great deal upon 
seed bed conditions (Smith 1951). During the sunmer of 1956 an 
abundance of ungerminated salt cedar seed was often observed lying in 
areas that appeared favorable to seedling development. Therefore, a 
preliminary greenhouse test was used to determine some of the condi-
tions necessary for germination. Seeds were placed On the soil surface 
in 6 6-inch flower pots which received 3 treat.Dents. In 2 pots the 
seed was placed on the surface of the soil and was supplied only by 
capillary action from below. In the second and third lot water was 
also added to the soil snrface for the first 3 d~s. In the third 
group the seed was covered with a leyer of fine soil to a depth of 
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about 0.15 inch. All pots were placed in a container with 1 inch 
of water to provide moisture by capillary action. 
Establishment and Care of Experimental Plants 
In order to have plants available for study during the period 
of dormancy in the field, 2 groups of young plants from the reservoir 
were potted and placed in the g~eenhouse. The first group was trans-
planted on August 14 and a second group was moved during late January, 
after they had been dormant about 3 months. All plants were in their 
first year of growth, but at various stages of development. They 
ranged in height from about 0.10 inch to 28 inches. They were placed 
in 4 - to 8-inch flower pots, depending upon the size of each plant. 
The pots were then placed in vessels containing ci)out l inch of water 
which was made available by capillary action. Thus, moisture rela-
tionships were similar to those in the reservoir area. 
In addition, plants for study of seedling development were grown 
from seed planted in 11 flower pots and 9 phytometers on February 23 
and again on March 17. The phytometers were 8 inches in diameter and 
about 30 inches deep, and the pots were from 2 to 6 inches in dia-
meter. Both were filled to about 1 inch from the top with a loam 
potting mixture. The seed in each container was covered with a thin 
layer of soil and watered from the surface. To keep competition at 
a minimum and to permit relatively easy removal of roots, all containers 
were kept sufficiently cleared of other plants. 
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Earliest development was studied from seedlings growing in 
water or between damp blotter pads. The developing tissues were 
examined microscopically. 
Fifty young plants were staked on August 3 at the reservoir to 
stuey the growth and development of plants under field conditions. 
Measurements were made as to height and length of selected secondary 
branches until October 27. This area was covered by water during 
the 19.57 season and measurements could not be continued as planned. 
Root Removal and Examination 
Root development was determined by examination of plants in 
the greenhouse and under natural conditions at the reservoir. Root 
growth was studied at weekly or bi-weekly intervals while the plants 
were young and at progressively longer periods as they developed. 
In the field the young plants were removed by digging a hole 
large enough to provide access to the entire root system. The roots 
were then worked free by removing the soil around them with an i ce 
pick. Drawings were made after arranging the roots on a cloth in 
accordance with field sketches and measurements. 
The roots from the greenhouse plants were studied after removing 
the soil with a fine spray. Photos were taken after they had been 




The seeds of salt cedar are somewhat cylindrical with a 
diameter of about 0.17 mm. and a length of about 0.45 mm. (Fig. 2). 
Attached to the apex of the seed co.at are slender unicellular hairs 
that average about 2.12 nm. long. The formation of these hairs can 
be 0bserved on developing ovules (Fig. J). Weight of a mature seed 
is only about 0.00001 gram. The seed coat is nearly transparent. 
It apparently -has cells with weak walls about half way between the 
apex and base, where it usually ruptures during germination. The 
embryo is straight with the cotyledons located at the end with the 
hairs and the radicle at the opposite end. The seed has no endosperm 
and. most of the food is stored in the cotyledons. 
Germination occurred in the field throughout the growing sea-
son wherever conditions were suitable. However, information presented 
here was obtained in the laboratoryo The first evidence of germina-
tion was a swelling of the seed. This became quite noticeable after 
it had been under favorable conditions about 12 hours. This swelling 
and elongation of the eypocotyl resulted in the complete rupturing 
of the seed coat separating the upper md lower portions and exposing 
the cotyledons. After about 24 hours the cotyledons had enlarged 
considerably and were slightly separated. At this ti.me the radicle 
had started to develop but was at times still partly covered by the 
lower portion of the seed coat. During the first week the cotyledons 
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Figure 2. Photomicrograph of a seed of salt cedar. Note 
hairs attached to upper portion of seed coat. These make 
the seed well adapted for wind dissemination. (Magnification 
approx. 43) . 
13 
Figure J. Photomicrograph of 2 ovules during 
embryologic development. Formation of unicellular 
hairs at the chalazal end is evident. {Magnifica-
tion approx. 170). 
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continued to develop and the primordia for the first 2 leaves be-
came evident. Du.ring germination the hypocotyl md a portion of 
the radicle developed a reddish color, which remained evident for 
nearly 2 months. 
About the same time that the cotyledons began to spread, 
the primary root emerged (Fig. 4). Soon after an abundance of uni-
cellular absorptive tissues similar to root hairs appeared to develop 
from the epidermal cells of the upper portion of the root or enlarged 
part of the hypocotyl. Emergence of these hair-like structures 
started about the same time that the first development of the radicle 
became evident (Fig. 5). They appeared to function for about 6 weeks. 
Although the seed coat was forced free, there was only a slight in-
crease in the length of this root during the first week. Du.ring t he 
e.arly development of the seedling the base of the hypocotyl enlarged 
forming a ring-like structure (Fig. 6). The cortical tissue of the 
primary root was quite transparent in contrast to the darker stele. 
The cells of the root cap of plants growing in water usually 
accumulated at the tip of the root in a gelatinous masso 
Viability 
Viability of new seed was similar to that recorded by Ware 
and Penfound (1949). However, it was modified by certain :factors 
including area of production, time of production, conditions of 
storage, and age of seed. 
The average viability of all seeds collected at Cedar Bluff 
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Figure 4. Seedling during the second day of germination. 
Emergence of the primary root starts about the same time 
that the cotyledons begin to spread. (Magnification 130). 
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Figure 5. Photomicrograph of emergin primary root about 
30 hours after beginning of germination. The lower portion 
of the seed coat has been completely freed. (Magnification 
400). 
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Figure 6. Base of }zy"pocotyl and primary root of seedling 
during first week of development. The almost transparent 
cortex is shown in contrast to the darker stele. Note 
dense ring of tissue at base of the }zy"pocotyl. Loose cells 
at tip of root are from the root cap. (Magnification 170). 
18 
Reservoir was 32.5 per cent on all tests conducted before May, 1957. 
The test during the same :i;eriod on seeds from the windbreak showed 
a viability of only 19.6 per cent. The relatively unfavorable grow-
ing conditions in the wind.break may have been responsible for the 
lower germination rates. 
In all tests before May, an average of 57 .1 per cent of the 
seeds that germinated did so within the first 24 hours (Fig. 7). 
During the second 24 hours an additional 24.2 per cent started and by 
the end of the fifth day, germination was almost 98 per cent complete. 
As the age of the seeds increased, the time required for germination 
often became longer. 
Of the factors tested, time of production and storage temperature 
exhibited greater effects upon germination rates than other factors. The 
method of seeding in flower pots influ need to a lesser extent the re-
sulting production of seedlings. Although several preliminary tests 
were made on other factors, early results did not vary enough to warrant 
continuation of the study. These factors included seed production under 
various conditions at the reservoir, use of various soil textures for 
a seed bed, and the use of a complete rnitrient solution rather than 
, water as a germinating media. 
Figure 8, which includes all data except the storage test, 
shows that the germination rate varied according to the month of 
seed production. The viability of seeds increased from a low of 




























Figure 7. Average per cent of germination during each 
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Figure 8. The average per cent viability in all 
tests on seeds collected in the months indicated. 
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26.6 per cent on seed collected in November. July and September 
seeds germinated at a rate of about 40 per cent. There were no 
October collections. 
The age of seeds was found to be an important factor in 
their germination rate. Al.though seeds maintained their ability 
to germinate over an extended length of time, there was a general 
decrease in viability wl th an increase in age. Ware and Penfound 
(1949) found that the time required for germination increased from 
12 to 15 hours on seed 3 days old to between 30 and 50 hours on 
seed 9 days older. The average viability of each age group is 
given in figure 9. These data are a result of continuing germin-
ation tests from every period of collection unti l the seed was no 
longer viable. The greatest decrease in germination c:J>peared during 
the third and fourth months a:ft.er collecti on. Between the fourth 
and eighth months, there were varied fluctuations in viability. 
Variations in germination rate of seeds from the windbreak followed 
about the same pattern but at a constantly lower rate. 
As is true of most seeds, low storage temperatures were found 
to be beneficial. in maintaining high viability. or the 3 storage 
0 conditions tested, the 10 c. temperature was found to be superior 
to -11° c. and 25° to 30° C. for extending the life of seeds. This 
is similar to results of Faust (1936), who found the best temperature 
for prolonging viabilito, of Populus grandidentata and f• tremloides 
to be approximately 5° C. In a test started the day- following 
collection viability was 76.o per cent. Figure 10 shows the germination 
'I 
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Figure 9. Change in viability in respect to the 
age of seed. Germination rate is given in per-
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Figure 10. Changes in viability after storage under 
different conditi ons of temperature . Large dots 
indicate time tests were started. 
rate from each stora e oup for ach t st . 'l'h r w no i • nt 
reason lmY the lots .from - 11° c. and 10° c. did not foll w th mo.r 
even curve exhibited by those stored at 25° to ° C. 'l'h r :mltv 
of a December 10 test on the -17° C. lot and thu M ch 11 t s t on Ll1t 
10° C. group appear faulty for no appar nt re ~on. 1''rom th t•r ph 1 t 
can be seen that all viability of the 25° to J0° C. roup h d ppar-
ently been lost between 8 and 9 months after 0011 .otion. t 
had been stored at a - 17° c. temperature fei.1 d to r. rlnin t bout ..LO 
months after collection. In th .last test the s ad~ .from the 10° C. 
storage group still had a viability of L9.0 pr c nt . 
In the test in which 3 plant.in tr atment w r e u d, th 
highest and moat rapid production of seedling o ourr d n tht flow 1 
pots where seed had been covered with soil and wat rod from th ur-
face. Germination was only slightly dell\)' d in th cont nor Lh t 
had been watered from the surface but not cov rod. 0 rtrdnn:tJ. n or 
seed that were dependent upon capillary wat r ntir ly w eiow and 
incomplete . 
oot Development 
Root development of eal t cedar a edl nga apµ ars gr tly 
dependent upon moisture relationship8 in the aoil includin, th 
d gree of saturation near the eur ac and th poaltlon of tt 
table . Environmental condi tlona for the r~row-th of' t.h root d -
oribed probably approo.ched th optJ..mum. 
After the plant becBlll e ta.bl · h d n t r~r nhou , the 
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roots grew at an average rate of about 1 mm. per day, and the primary 
root of most plants reached a length of about 16 mm. by the end of 
the third week. Throughout this period it produced root hairs along 
most of its length above the zone of elongation. Although these root 
hairs were numerous, they were not as abundant as the hair-like 
structures attached to the base of the ~oeotyl. Several root hairs 
were deformed with greatly enlarged tips. Except for that portion of 
the root near the hypocotyl, which was reddish in color, the roots 
remained white throughout early development. 
Secondary root development often began during the third week 
after germination, but in many cases it did not start until the plants 
were 5 or 6 weeks old. The primary roots were nearly transparent and 
it was quite easy to trace the development of their branches. Each 
secondary root was first evident as a slight enlargerent in the region 
of the pericycle. The cortical layer was later forced outward forming 
an obvious swelling at the side of the root. This enlarged and 
finally ruptured as the secondary root continued growth. The first 
lateral root frequently started about 4 mm. below the hypocotyl and 
the second often emerged about 2 mm. below the first. 
At the end of the first month the primary root often began 
lateral growth if the plants were growing in nearly saturated soil 
where the water table was high. 
plant on the right in figure 11. 
This root form is shown by the 
Although this type of growth is 
quite colJlll10n in mature plants, it was not observed in plants less 




Figure ll. Drawings of salt cedar plants less than 
4 months old as they grew near the reservoir. The 
water table was 33 inches deep at the time of excava-
tion in .August . 'l'he plant on the right shows the 
frequently encountered horizontal growth on the primary 
root. Scale is in inches. 
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elongated bulb-like structure in the upper portion of the primary 
root. In many oases there were several secondary roots that arose 
in this region and then penetrated the ·soil to the capillary fringe. 
By the end of the sixth week the primary root frequently had 
reached a length of about 35 mm. when grown under greenhouse 
condi tions. At this stage there was an average of 6 to 7 secondary 
roots on most plants, the longest of which was about 5 11111. At 
the end of 11 weeks the roots of the plants growing where the soil 
approached saturation were often extensively branched wi. th 3 to 6 
main roots in a region 4 to 6 mm. below the hypocotyl. Below this 
the primary root was indistinct. The oldest secondary roots were 
about 4 om. long at this stage and had as IllB.l'.\Y as 7 branches. 
Within 10 weeks the roots of some of the plants had reached 
the bottom of JO-inch peytorneters. In m~st cases they were only 
slightly branched above the depth of 16 to 24 inches (Fig. 12). 
The secondary roots were most often short and poorly developed. 
However, below this section the roots were extensively branched. 
During the early stages of development the roots removed in 
the field resembled those from greenhouse containers. The primary 
root development appeared to progress at a similar rate under both 
conditions. However, secondaiy root development usually seemed 
more rapid and complete in the field. In soil of near saturation 
the lateral roots developed about 4 to 8 inches below the soil 
surf ace. other roots extended to the capillary fringe above the 
28 
Figure 12. Three plants from a JO-inch ph,ytometer. The 
roots of the larger plants had reached the bottom of the 
container. Note the lack of branching on the upper portion 
of the primaIY roots. The white portions of the lower root 
systems are masses of secondary roots. Plants were watered 
from the surface during development. 
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water table . Al.though there were no data available as to exact 
age of salt cedars studied in the field, plants were selected in 
an effort to sample the same age classes as those growing in the 
greenhouse. It was only after the plants in the greenhouse had 
reached the limits of their containers that there were any great 
differences in developmant. 
Roots of plants at the reservoir were never found extending 
below the water table unless it had recentzy risen. After a rising 
water table had covered a portion of -a root system, decomposition 
of the submerged parts soon started. Sloughing of the epidermal and 
cortical tissues was the first apparent result of decomposition. 
When the water table came above the soil surface it resulted 
in the development of adventitious roots. These roots appeared at 
8.I\V place on the stem during the second week after they had been 
covered with water. Cross sections through stems at the point of 
origin of adventitious roots show that they develop from parenceyma 
cells beneath the surface. It is possible that these roots compensate 
for an o~gen deficiency. These adventitious roots al.so developed 
when the stems were covered with soil, and under these conditions 
produced root hairs and functioned as ordinary roots. 
Shoot Development 
The growth descriptions in the early part of this section are 
based primarizy on plants grown in the greenhouse. Fol.lowing the 
opening of the cotyledons, the early devel.opmant of the shoot was 
confined mainly to the production of the scale-like leaves . By the 
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end of the first week after germination the primordia for the first 
2 leaves were qu.ite evident. These leaves were arranged with their 
midribs at right angles to the cotyledons. During the following 2 to 
3 weeks, there were produced 2 or 4 leaves per plant. The alternately 
arranged leaves were formed from the apical .rreristem al.moot simultane-
ously w:i. th each pair arising at right angles to the 2 leaves just below. 
The internodes were so short that throughout the early stages of 
development the leaves appeared to be opposite. Later the internode 
length increased to 3 mm. or more. 
Most plants averaged about 4 mm. tall at the age of 3 weeks. 
The cotyledons, attached at the upper portion of the ~ocotyl, were 
about 1 mm. long. After 6 weeks the plants usualJ.y reached a height 
of about 6 mm. and had from 12 to 14 leaves. The first buds also 
appeared in the axils of the oldest ]eaves of some of the plants at 
this stage of development. However, further development of these buds 
was quite slow during the next few weeks. 
Al.though there seems to have been great variations in the 
functional duration af the cotyledons, in many cases they died dur~ 
the fifth to seventh week. Necrosis started at the tip and moved 
toward the base. During this developmental period the main stem or 
branches often became weak and many of the seedlings becaioo horizontal 
along the soil. surface (Fig. 13). This growth habit, which was evident 
under both field and greenhouse conditions, resulted from the bendirg 
of the stem near its base. The stems that assumed such a prostnate 
position later often formed adventitous roots resulting in vegetative 
Figure 13. Potted plant showing horizontal growth form 
of secondary branches. These may produce adventitious 





reproduction by lqering. Most of the plants that grew in a 
horizontal manner did so until the main shoot reached a length of 
7 to 10 cm. at which time it started to regain its upright position. 
By the end of the second month, the more vigorous plants had 
reached a height of 4 to 5 cm. After 10 weeks, the basal. shoots had 
started to develop from axillary buds on the main stems. The plants 
usually formed 2 basal shoots although it was not uncommon to find 
fewer or more (Fig. 14). Other buds often developed at a higher 
level eventually making a bushy appearance. Further growth of the 
basal. shoots was c:pite varied. Sometimes they grew faster than the 
main shoot which then was no longer distinguishable (Fig. 15). On 
other plants their gr<7tfth was retarded and rapidly growing plants 
assumd e. whip-like appearance. 
The plants staked in t.be field in early August grew very little 
during the remainder of the season. Increase in height averaged o.88 
inoh per plant from August third until the end of the season. Aver~e 
growth of secondary branches was only 0.10 inch. Roots had not yet 
reached the capillary fringe and the extremely hot dry weather retarded 
growth. 
Flower and Seed Production 
Sa1t cedar plants often produce flowers and seeds during their 
first year. The flowers are produced in dense paniclea on young 
tissues at or near the end of vegetative stems. Within the panicle 
the racemose flower clusters are produced from axillary buds. Each 
Figure 14. Potted plant which has developed 2 basal 
shoots. Note other branches f ormi.ng about half wq 
up the main shoot. 
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Figure JS. Salt cedar plant with rapidly growing basal 
shoots. This type of development was characteristic of 
plants growing in fairly open stands. 
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raceme of young greenhouse plants was 1., to 2 inches long and had 
from 35 to 40 flowers, although, in sone cases there Wel"e as lllaJ\V 
as 60 depending upon the length of the raceme (Fig. 16). The average 
panicle, the size of which depends upon the size and vigor of the 
individual plant, contained about 20 flowers per inch of raceme length. 
The plants that hoc!. been transplanted to the greenhouse produced up 
to 12 panieles per plant and from 7 to 15 racemes per panicle. 
There were about 22 owles in every ovary and quite often they 
were all fertilized and developed into seeds. It is evident that even 
a small plant could produce many seeds while a large mature one :mqy 
bear hundreds of thousands during a season (Fig. 17). Under favorable 
conditions, salt cedar produces flowers and seeds throughout most of 
the growl ng season. In 1956 flowering started during late May and 
continued until l a.te October. Ther did not seem to be any regular 
flowering period, but maximum anthesis occurred in middle Au.gust. 
Plants often Sllpported all the stages from flower buds to mature 
seeds at one time. In the greenhouse the cycle from bud to mature 
seed took from 3 to 5 weeks. The order of development was from the 
lower portion of the panicle toward the end of the branch. The 
development of a raceme was also from base to apex. However, it was 
not uncommon to find 1 stage of development mixed with another at 
an:,- location on the raceme or in the panicle. Following seeding each 
raceme formed an abscission lqer at its base, and a new vegetative 
stem usually developed from an axi.llary bud near the flower raceme. 
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Figure 16. Top view of a salt cedar flower just 
before it is completely open. Color varied from 
white to pink or lavendar. .As the flower matures, 
stamens will become erect. (Magnification 50). 
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Figure 17. Close-up view of portion of a 3 year old 
salt cedar in full bloom. This plant produced several 
lmndred thousand seeds during 1956. 
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SUMMARY 
Salt cedar ( Tamarix gallica L.) is 1 of several phreatopeyte 
which create a major water conservation problem in southwestern 
United States. As a result considerable work has been done in 
attempting to control these plants. This work is handicapped., how-
ever, by a lack of information as to the ecological life history of 
the species. Results of this research will provide preliminary 
information which can be used as a basis for further studies. 
Most of the seed and plants used in this research were collected 
at the Cedar Bluff Reservoir located about 30 miles southwest of Ha;vs, 
Kansas. Root and shoot development were studied in both field and 
greenhouse. Except for a test on the effect of storage temperatures, 
s~ed was kept at normal. room temperature. Viability was determined 
by germinating seeds between damp L otter pads in petri dishes. 
The seeds average 0.45 mm. long and 0.17 mm. in diameter and 
consist of an embryo covered by a nearly transparent seed coat. The 
apical portion is covered by nwnerous unicellular hairs about 2 mm. 
long. 
The average viability of the seed from the reservoir was 
J2.5 per cent and that from a windbreak was oncy- 19.6 per cent. 
Germination averaged 57.1 per cent complete after 24 hours and 98.o 
per cent complete by the end of the fifth d~. Highest germination 
rate {51.4 per cent) was from seeds produced in August and lowest 
{19.0 per cent) was fran the June collection. Viability decreased 
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as the age of seed increased. Seed stored at 10° C. retained 
viability longer than those at -17° c. or 25° to 30° c. 
The cotyledons were usually free of the seed coat and began 
to separate after 24 hours under tavorat>l.e conditions. During the 
second dqy the primary root emerged. The epicotyl developed aid 
unicellular extensions appeared at the base of the hypoeotyl near 
the end of the first week. 
The development of the root system depended primarily upon 
the degree of saturation of the soil and the depth of the water 
table. At the reservoir most of the main roots spread laterally 
from 4 to 8 inches below the surface and branches extended to the 
capillary fringe. Adventitious roots formed on stems that became 
covered with water or moist soil. 
Early shoot development conc :sted of the production of 
leaves on a stem with very short internodes. In the greenhouse 
axillary- buds gave rise to basal shoots after about 10 weeks. 
Flowers were produced from Ma;y- to October in panicles con-
taining dense flower clusters borne on individual racemes. They were 
often produced the first year. Several lmndred thousand seeds were 
produced by mature plants in a single sea.son. 
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